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High-spin spectroscopy of 139Ce
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High-spin states in 139Ce have been populated using the 130Te( 14C,5n) reaction. The level scheme has been
extended to higher spins, including a new band of dipole transitions. The parity of several states has been changed
from negative to positive, mainly based on the comparison with the level structure of the core nucleus 140Ce and
the results of a realistic shell-model calculation. The dipole band is interpreted as a magnetic rotation band with
πh2

11/2 ⊗ νh−1
11/2 configuration built on small deformation axial shape with (ε2 = 0.12,γ = 0◦).
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I. INTRODUCTION

The nuclei with A ∼ 140 having a few holes in the N = 82
shell closure are spherical or only slightly deformed in the
ground state and at small angular momenta [1], but can get
deformed at high spins under the stress of aligned particles,
as evidenced by recent experimental results in the 138–141Nd
nuclei [2–6]. The Ce isotopes with neutron number close to
N = 82 are more difficult to populate at high spins due to
the lack of proper projectile-target combinations. However,
the investigation of these nuclei is very important for the test
of the effective interactions used in shell-model calculations
and the existence of dipole bands showing magnetic rotation.
New experimental data have been recently published for the
137,138Ce nuclei [7,8] revealing the existence of dipole bands
at the highest spins. Results on the 139Ce nucleus were also
published recently, but not at high enough spin to possibly
observe dipole bands or other collective structures [7–10].

We have studied the 139Ce nucleus by means of the
130Te( 14C,5n) reaction, with the main motivation to search
for high-spin bands similar to those recently identified in
141Nd [6]. We have observed several new transitions between
the previously reported low- and medium-spin states and
one band consisting of dipole transitions at high spins. We
have also extended the level scheme up to Iπ = 43/2− and
Ex = 7988 keV.

The structure of the observed low- and medium-spin states
is investigated using realistic shell-model calculations, while
the configuration of the dipole band is assigned on the basis
of cranked Nilsson-Strutinsky (CNS) [11–13] and tilted axis
cranking (TAC) [14–16] calculations.

*Present address: Advanced Science Research Center, Japan Atomic
Energy Agency, 2-4 Shirakata Shirane, Tokai, Ibaraki 319-1195
Japan.

The details of the experimental setup are presented in
Sec. II. The results of the data analysis are presented in Sec. III
and discussed within the framework of shell-model and TAC
calculations in Sec. IV. Finally, the summary is given in Sec. V.

II. EXPERIMENTAL DETAILS

High-spin states in 139Ce have been populated in the
130Te( 14 C,5n) reaction employing an 82 MeV 14C beam
delivered by the Tandem accelerator of IPN Orsay. The
beam energy of 82 MeV, optimal for the population of the
5n reaction channel, was chosen performing a three-point
excitation function at 80, 85, and 90 MeV. The 130Te target
with a thickness of 2 mg/cm2 was deposited on a 120 mg/cm2

Bi backing and 136 mg/cm2 copper for heat dissipation. The
γ -ray coincidences were measured with the ORGAM array
consisting of 13 coaxial Ge detectors with BGO Compton-
suppression shields. The Ge detectors were positioned at five
different angles with respect to the beam axis: one at 47°, two
at 86°, four at 94°, two at 133°, and four at 157°.

The 5n reaction channel leading to 139Ce was populated
with a cross sections of around 0.9 b as calculated with
PACE4 [17]. The recoiling residual nuclei were stopped by
the thick Bi backing in the center of the array. In addition to
prompt γ -ray measurements, delayed γ rays from isomeric
decays were also measured. For this purpose, a beam pulsing
was realized using a chopper-buncher system which produced
Gaussian beam pulses with FWHM of 1.8 ns and full width
at tenth maximum (FWTM) of 5 ns. A repetition rate of 200
ns was chosen between the beam pulses in order to be able to
measure the lifetime of possible new isomeric states. We have
measured single γ rays and their detection time with respect
to the beam pulse to deduce the lifetime of the isomeric states.
However, no new isomeric states in 139Ce have been identified
from the present data.
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Events were written on disk employing the NARVAL

program [18]. The data were collected using the Orsay acqui-
sition system based on COMET-6X cards [19], designed to be
used as high-resolution ADCs. The recorded γ -coincidence
events were sorted in various two- and three-dimensional
arrays with a wide time gate of 160 ns. We collected
7.6 × 109 γ events from which we could extract 6 × 107 γ -γ
and 11 × 106 γ -γ -γ coincidence events. The analysis was
performed with the RADWARE [20,21] programs.

To determine the multipolarity of transitions, we used two
methods: the directional correlation of oriented states ratios
(RDCO) and the anisotropy ratios (Rθ ). The DCO ratios RDCO

were extracted from an asymmetric γ -γ coincidence matrix
with the detectors at 84◦ and 96◦ on one axis and the detectors
at 47◦ and 133◦ on the other axis. The anisotropy ratios
Rθ have been deduced from two matrices sorted with all
detectors on one axis, and the detectors at (86◦, 94◦) and
at forward/backward (f,b) angles, respectively, on the other
axis. Gates were set on the axis with all detectors, and the
intensity ratio Rθ = W (f,b)/W(86◦,94◦) was determined for
the transitions in the resulting spectra. The multipolarities of
the new transitions identified in 139Ce were assigned based on
the comparison of the deduced DCO and anisotropy ratios
with the average ratios extracted for known pure E2 and
M1/E1 transitions in the strongly populated 138Ce nucleus.
The DCO ratios for pure quadrupole and dipole transitions are
1.0 and 0.6, respectively, when gating on a pure quadrupole
transition, and 2.0 and 1.0 when gating on a pure dipole
transition. The anisotropy ratios for pure quadrupole and
dipole transitions were 1.02 and 0.7, respectively, independent
of the gating transition. The present measurement did not
allow to distinguish between electric and magnetic transitions.
Therefore, the parities assigned to the positive-parity states are
only based on the comparison with the shell model calculations
presented in Sec. VI.

III. RESULTS AND LEVEL SCHEME

The information obtained from the present experiment
about the observed transitions is given in Table I.

The level scheme of 139Ce is shown in Fig. 1. Spectra
obtained by gating on selected transitions of the different band
structures are shown in Fig. 2.

The large majority of the previously observed states up to
spin 31/2− [9,10] are confirmed, excepting some tentative
transitions reported in Ref. [10]. We identified 29 new
transitions. Two of them with energies of 197 and 1409 keV
were placed parallel to the 1607 keV transition populating the
11/2− isomer, establishing a new state with spin (13/2−) at
2164 keV. We have also observed a transition of 1244 keV
populating the 23/2− state at 3187 keV.

The remaining 26 new transitions de-excite high-spin states
above Iπ = 31/2− and Ex = 4808 keV. One of the important
changes with respect to the level scheme reported in Ref. [10] is
that the 33/2− state at 5917.3 and the 31/2− state at 5916.3 keV
are merged in a single 33/2− state at 5916.5 keV. This was
possible based on the following arguments. (i) The 239 keV
transition, as well as transitions of band D1 above the level
at 5917 keV, are in coincidence with the cascades populated

by the 384 keV and the 1108 keV transitions. (ii) The RDCO

ratio of the 404 keV transition when gated on an M1 transition
comes out to be 2.02(30) in the present work, which is therefore
compatible with a �I = 2 transition, leading to spin 31/2−
for the state at 4808 keV. (iii) The RDCO ratio of the 1108
keV transition comes out to be 0.35(8) in the present work
when gated on an E2 transition, which is compatible with a
M1 + E2 transition, leading thus to spin 33/2− for the state
at 5916.5 keV.

Another important difference with respect to the previous
published level schemes [9,10] is that we assign positive parity
to the cascades built on top of the 23/2+ and 25/2+ states,
which in turn decay via the 1194, 897, and 206 keV transitions
to the negative-parity states built on top of the 19/2− isomer.
This assumption is based on the comparison with the level
structure of the core nucleus 140Ce [22,23], which presents
strongly populated low-lying negative-parity states based on
h1

11/2(d5/2/g7/2)1 proton configurations. The coupling of one
neutron hole in the h11/2 orbital with the negative-parity states
of 140Ce are therefore expected to lead to positive-parity states
with medium spins in 139Ce nucleus, which are in fact predicted
by shell-model calculations (see the discussion in Sec. IV A).

At high spins we observed several weakly populated states
up to spin 43/2− and excitation energy of 8 MeV. Two cascades
of dipole transitions have been identified: one consisting of the
176, 466, 511, and 548 keV transitions on top of the 35/2−
state at 6155 keV, and one consisting of the 219, 226, 346,
357, 488, and 654 keV transitions on top of the 31/2− state at
5916.5 keV, which we label D1 and will be discussed in the
following section.

IV. DISCUSSION

As mentioned in the Introduction, we have performed shell-
model as well as TAC calculations to interpret the structure of
the levels of 139Ce observed in the present experiment. More
precisely in Sec. IV A we present the results of a realistic shell-
model calculation by limiting to states with low and medium
spin. The D1 band is discussed in Sec. IV B in terms of the
TAC calculations.

A. Shell-model calculations

In our calculations we assume 132Sn as closed core and let
the valence particles, namely, eight protons and one neutron
hole, occupy the five orbits 1g7/2, 2d5/2, 1h11/2, 2d3/2, 3s1/2

of the 50–82 shell. The adopted Hamiltonian is the same we
employed in our recent shell-model studies of nuclei around
132Sn [24,25]. In particular, the proton single-particle energies,
relative to the 1g7/2 level, are (in MeV): ε2d5/2 = 0.962, ε2d3/2

= 2.439, ε1h11/2 = 2.793, ε3s1/2 = 2.800, while the neutron
single-hole energies, relative to the 2d3/2 orbit: ε−1

1h11/2
= 0.069,

ε−1
3s1/2

= 0.332, ε−1
1d5/2

= 1.654, ε−1
1g7/2

= 2.434. These values are

taken from the experimental spectra of 133Sb and 131Sn [26],
respectively, the only exception being that of the 3s1/2 proton
orbit, which is still missing in the observed spectrum of 133Sb.
The position of this orbit, as discussed in [27], has been
determined by reproducing the experimental energy of the
1/2+ state at 2.150 MeV in 137Cs [28]. Note that the energy
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TABLE I. Energies, intensities, anisotropies, DCO ratios, multipolarities, and spin-parity assignments of γ -ray transitions of 139Ce obtained
from the present experiment. The new transitions, new levels, and new spin-parity assignments are indicated with bold fonts, while modified
spin-parity assignments are indicated with italic fonts.

Eγ (keV)a Iγ
b Ei (keV) Rθ

c Rθ
d RDCO

c RDCO
d Multipolarity J π

i → J π
f

61.0 1.0 5884.5 35/2− → (33/2−)
70.1 6.4 4083.5 25/2+ → 23/2+

166.0 3.7 5698.9 31/2− → 31/2+

176.4 2.7 6331.8 1.19(19) 0.86(30) 1.24(20) M1 + E2 37/2− → 35/2−

187.8 82.9 2819.8 1.33(32) 0.76(12) 1.15(14) M1+E2 21/2− → 19/2−

192.8 5.6 6077.2 (35/2−) → 35/2−

193.2 27.0 4276.7 1.38(12) 0.74(4) 1.53(1) M1 + E2 27/2+ → 25/2+

197.0 4.5 2361.4 15/2− → (13/2−)
206.4 3.7 4083.5 25/2+ → 23/2−

218.6 3.3 5916.5 0.63(30) 0.42(20) 1.30(70) M1 + E2 33/2− → 31/2−

221.7 3.5 4100.1 25/2− → 23/2−

226.0 6 6142.6 1.11(18) 0.53(16) 1.46(8) M1 + E2 35/2− → 33/2−

234.7 3 5533.2 1.08(30) 1.09(30) 0.62(05) 1.10(16) M1 + E2 31/2+ → 29/2+

239.0 6.1 6155.5 1.07(17) 0.61(7) 1.23(30) M1 + E2 35/2− → 33/2−

253.0 0.8 6331.8 37/2− → (35/2−)
270.6 100.0 2632.0 1.39(30) 0.86(20) 1.68(4) E2 19/2− → 15/2−

293.7 5.8 6032.4 0.84(14) 1.02(10) 0.54(20) 1.01(20) M1 + E2 33/2+ → 31/2+

298.3 6.7 2361.4 1.52(18) M1 + E2 15/2− → (11/2−,13/2−)
305.5 25.3 4404.5 0.81(19) 0.90(16) 0.51(11) 1.10(30) M1 + E2 27/2− → 25/2−

345.8 5.2 6488.5 0.75(12) 0.44(5) 0.89(10) M1 + E2 37/2− → 35/2−

356.6 4.5 6845.3 0.68(30) M1 + E2 39/2− → 37/2−

367.2 57.8 3187.0 0.74(30) 0.47(17) M1 + E2 23/2− → 21/2−

383.4 7.8 5916.5 0.74(12) 0.40(3) 1.05(40) E1 33/2− → 31/2+

403.9 29.9 4808.4 1.21(40) 2.02(30) E2 31/2− → 27/2−

439.1 3.5 5737.5 1.01(16) M1 + E2 31/2+ → 29/2+

447.4 5.5 6331.8 0.71(30) M1 + E2 37/2− → 35/2−

465.5 1.2 6797.5 0.44(13) M1 + E2 39/2− → 37/2−

479.8 15.5 4756.6 0.72(9) 0.41(14) 0.94(19) M1 + E2 29/2+ → 27/2+

488.3 5.8 7333.6 0.28(17) M1 + E2 41/2− → 39/2−

510.9 3.0 7309.5 (41/2−) → 39/2−

547.5 2.2 7856.9 (43/2−) → (41/2−)
642.7 3.0 6797.5 39/2− → 35/2−

654.3 4.3 7987.6 0.52(15) 0.95(30) M1 + E2 43/2− → 41/2−

776.1 5.3 5532.5 0.58(12) 0.52(11) M1 + E2 31/2+ → 29/2+

835.9 3.6 8001.1
889.8 3.1 6967.0 → (35/2−)
896.5 28.1 4083.5 0.49(17) 0.91(14) E1 25/2+ → 23/2−

911.6 6.0 4100.1 0.54(14) M1 + E2 25/2− → 23/2−

1013.6 3.7 5822.0 (33/2−) → 31/2−

1021.6 4.2 5298.9 0.25(11) 0.35(11) M1 + E2 29/2+ → 27/2+

1057.7 8.0 3877.4 0.35(17) M1 + E2 23/2− → 21/2−

1076.0 12.7 5884.5 1.07(17) 1.60(40) E2 35/2− → 31/2−

1088.0 3.6 7165.2 → (35/2−)
1108.1 10.6 5916.5 0.60(20) 0.66(7) 0.35(8) M1 + E2 33/2− → 31/2−

1118.0 0.2 7450.0 → 37/2−

1160.1 1.5 5916.5 33/2− → 29/2+

1194.3 10.1 4014.3 0.56(16) 0.72(41) E1 23/2+ → 21/2−

1214.4 3.1 5299.9 29/2+ → 25/2+

1217.5 11.6 4404.5 1.02(7) 1.84(30) E2 27/2− → 23/2−

1240.0 0.3 7571.6 → 37/2−

1244.4 7.1 4431.5 → 23/2−

1256.5 5.5 5533.2 0.99(40) E2 31/2+ → 27/2+

1280.3 15.1 4100.1 0.95(50) 0.94(30) E2 25/2− → 21/2−

1293.3 2.1 5698.9 31/2− → 27/2−

1310.2 6.8 2064.1 (11/2−,13/2−) → 11/2−

1409.4 5.5 2164.4 1.59(60) (M1 + E2) (13/2−) → 11/2−
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TABLE I. (Continued.)

Eγ (keV)a Iγ
b Ei (keV) Rθ

c Rθ
d RDCO

c RDCO
d Multipolarity J π

i → J π
f

1460.6 3.5 5737.5 1.44(12) 1.27(40) 1.62(19) E2 31/2+ → 27/2+

1607.2 95.8 2361.4 1.33(30) 1.87(50) E2 15/2− → 11/2−

aThe error on the transition energies is 0.2 keV for transitions below 1000 keV and intensities larger than 5% of the 139Ce reaction channel,
0.5 keV for transitions above 1000 keV and intensities lower than 5%, and 1 keV for transitions above 1200 keV and/or weaker than 1%.
bRelative intensities corrected for efficiency. The transition intensities were obtained from a combination of total projection and gated spectra.
cGate on the 1607 keV E2 transition.
dGate on the 188 keV M1 transition.

of the h11/2 neutron orbit corresponds to the value measured
in Ref. [29].

As for the two-body component of the effective Hamilto-
nian, we employ a realistic effective interaction derived from
the CD-Bonn nucleon-nucleon potential [30] renormalized
following the Vlow-k approach [31] with a cutoff momentum
	 = 2.2 fm−1. The obtained low-momentum potential plus the

Coulomb force for protons is then used to derive the two-body
effective interaction Veff within the framework of the Q̂-box
folded diagram expansion [32], including diagrams up to
second order in the interaction. These diagrams are computed
within the harmonic-oscillator basis using intermediate states
composed of all possible hole states and particle states
restricted to the five proton and neutron shells above the Fermi
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FIG. 2. Spectra of the various structures identified in 139Ce. (a)
Sum of the spectra with gates on the 1108 and 239 keV transitions
showing the high-spin states; (b) sum of the spectra with gated on
the 226 and 346 keV transitions showing the band D1; (c) sum of the
spectra with gates on the 897 and 193 keV transitions showing the
states grouped in the cascades “Parity = +”; (d) sum of the spectra
with gates on 271 and 188 keV transitions showing the states grouped
in the cascades “Parity = −”. The transitions marked with an asterisk
belong to 138Ce.

surface. The oscillator parameter is 7.88 MeV as obtained from
the expression �ω = 45A−1/3 − 25A−2/3 with A = 132. It is
worth mentioning that the proton-neutron effective interaction
has been derived in the particle-hole representation, while the
proton-proton one in the usual particle-particle representation.
The shell model calculations have been performed with the
OSLO code [33].

As a first step, we have calculated the spectroscopic
properties of the N = 82 140Ce isotope. This allows to test
separately the proton component of the interaction and may
give us the framework to understand our results for 139Ce in
terms of a neutron hole coupled to 140Ce by looking at the
effects of the neutron-proton interaction. The comparison of
the experimental [26] and calculated spectra of 140Ce is given
in Fig. 3. One can see that the energies of the negative-parity
levels are very well reproduced by the theory, the discrepancy
ranging from about 30 to 150 keV. The quality of the agreement
is not so good for the positive-parity states: the 4+ and 6+
states are well reproduced, while the experimental energies
of the other positive-parity states are overestimated by about
300 keV and more. It is worth mentioning the recent work by
Srivastava et al. [34], where some N = 82 isotones, including
140Ce, were studied within the shell model by considering the
same model space used in our calculation but starting from the
doubly magic 100Sn core. In [34] all the calculated levels for
140Ce are predicted to lie below the experimental ones and, at
variance with our results, a better agreement is obtained for
the positive-parity states.

Let us now come to discuss 139Ce. In Fig. 4 the experimental
spectrum observed in the present work is compared with the
calculated one, both spectra being referred to the 11/2− excited
state. Note that we do not include states with J > 33/2,
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FIG. 3. Comparison between experimental and calculated levels
in 140Ce.

located in the higher-energy region above 5.9 MeV, since
their description is likely to require configurations outside the
chosen model space.

First, we see that our calculation reproduces the structure
of the experimental spectrum, which is characterized by three
groups of negative-parity levels well separated in energy
lying above the 11/2− state, and by two groups of positive-
parity levels with the 29/2+ state in between them. From a
quantitative point of view, a very good agreement between
theory and experiment is obtained for the excitation energies
of the positive-parity states. This is not the case, however, for
the negative-parity states, which are all overestimated within
a range going from less than 100 to about 500 keV. Aside
from these uncertainties, the quality of the agreement is such
as to allow us to identify the observed (13/2−,11/2−) level at
1.310 MeV with our calculated 11/2− state at 1.757 MeV.

It is worth noting that, exchanging the parity of states,
the level scheme for 139Ce follows that of 140Ce shown in
Fig. 3, as evidenced in Fig. 5 where the experimental spectra
of these two nuclei are compared. This may be explained by
interpreting each group of levels of 139Ce as arising essentially
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FIG. 5. Comparison between the experimental levels in 139Ce and
in the core nucleus 140Ce.

from the coupling of a neutron hole in the h11/2 orbit to
the group of 140Ce in the same energy range. In fact, from
our calculation it turns out that all the states of 139Ce are
characterized by a vacancy in the h11/2 orbit equal to about 1,
while corresponding groups of levels in 139Ce and 140Ce show a
distribution of protons on the single-particle orbits with similar
features. However, when going from 140Ce to 139Ce one has to
consider the effects of the neutron-proton interaction that give
rise to a rearrangement of the protons. In particular, we find
that the very small occupancy of the d3/2 and s1/2 orbits, only
1–5 % of protons are in these two orbits, remains unchanged,
while the number of protons in the g7/2 orbit decreases in favor
essentially of the d5/2 orbit. This is related to the fact that the
matrix elements of our proton-neutron effective interaction,
which is written in the particle-hole channel, are overall more
repulsive for the πh−1

11/2 ⊗ νg7/2 configuration than for the

πh−1
11/2 ⊗ νd5/2 configuration.
In order to get confidence in the interpretation of the

observed states, we have also calculated the transition
probabilities for the excited levels of 139Ce, using the
following parameters: e

p
eff = 1.7e,en

eff = 0.7e,g
p
l = 1,gn

l =
0,g

p
s = 0.7, gfree

s = 3.91,gn
s = 0.7, gfree

s = −2.47 [24].

The value of B(E2; 19/2− → 15/2−) deduced from the
T1/2 = 70 ns of the 19/2− state [26] is 8.19 e2fm4, which is
in the same range as the calculated value of 2.25 e2fm4. The
results for the branching ratios are summarized in Table II.
One can see that the calculated branching ratios reproduce the
experimental variation for the different states, being in better
agreement for the negative-parity states. Most of the �I = 1
transitions are predicted to have a mixed M1/E2 character.

B. The �I = 1 band interpreted by TAC calculations

The configuration of the dipole band in 139Ce can be un-
derstood within the tilted axis cranking (TAC) model [14–16],
through calculations similar to those recently performed for
the dipole bands in 138Nd [35]. The lowest-lying configurations
involve two h11/2 protons which align their angular momenta
with the short axis, because this orientation corresponds to
maximal overlap of their doughnut-like density distribution
with the triaxial core. As a consequence, the h11/2 protons
favor rotation about the short axis. As seen in the middle panels
of Fig. 7 of Ref. [35], the single-particle proton Routhians A
and B have a pronounced minimum at θ = 90◦. The neutron
configuration at high spins would involve one neutron hole in
the h11/2 orbital, with the angular momentum aligned along
the long axis, because this orientation minimizes the overlap
with the triaxial core. As a consequence, the h11/2 neutron
hole favors the rotation about the long axis. As seen in the
middle panel of Fig. 8 of Ref. [35], the single-particle neutron
Routhians Ā has a pronounced maximum at θ = 0◦, which
means that a hole in this orbital drives the rotational axis
to θ = 0◦. Alternatively one may say that the neutron on A
favors the long axis. The h11/2 neutrons on the lower orbitals
do not drive the rotational axis significantly, because to each
single-particle Routhian there is a conjugate one (barred) that
nearly compensates the drive.

The TAC calculations were performed for the various
negative-parity configurations assuming the deformations cal-
culated with the CNS model [11–13]. We investigated the
lowest-lying configurations involving one, two, or three pro-
tons in h11/2 coupled with one neutron in h11/2. The quadrupole

TABLE II. Experimental and calculated branching ratios for excited levels of 139Ce.

Branching ratios Eγ (�I=1)(keV)
Eγ (E2)(keV) Exp. B(�I=1)

B(E2) (μ2
n/(eb)2)

Calc. B(M1)
B(E2) (μ2

n/(eb)2)
Calc. B(E2,�I=1)

B(E2)

15/2−→13/2−
15/2−→11/2−

197
1607 46(10) 21 0.48

25/2−→23/2−
2

25/2−→21/2−
222
1280 940(180) 84 0.67

25/2−→23/2−
1

25/2−→21/2−
912
1280 8(2) 0.1 0.015

27/2−→25/2−
27/2−→23/2−

1

306
1218 140(45) 240 23

29/2+
2 →27/2+

29/2+
2 →25/2+

1022
1214 2.3(6) 0.4 0.042

31/2+
1 →29/2+

1
31/2+

1 →27/2+
776
1257 4.5(9) 0.5 0.0060

31/2+
1 →29/2+

2
31/2+

1 →27/2+
235
1257 91(19) 210 3.62

31/2+
2 →29/2+

2
31/2+

2 →27/2+
439
1461 39(9) 2.3 0.153
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FIG. 6. TAC calculations for the band D1 of 139Ce. Filled (open)
symbols are used for the experimental (calculated) band. The lines
linking the points are used to guide the eyes. The deformation
parameters for each configuration are those calculated with the CNS
model. The configurations are given in terms of unpaired proton
particles and neutron holes.

deformations of these configurations are small (ε2 ≈ 0.1) and
the shape is nearly axial (γ ≈ 0◦). The calculated bands are
shown in Fig. 6. One can see that one obtains calculated aligned
spins close to the experimental values for the configuration
πh2

11/2 ⊗ νh−1
11/2. The calculated tilted angle is θ ≈ 70◦. The

less satisfactory agreement for the highest observed spins can
be due to a gradual shape change as recently observed in
the 141Nd isotope [6]. The calculated B(M1) values decrease
with increasing rotation frequency from 5 μ2

n for �ω = 0.1 to
3 μ2

n for �ω = 0.6, indicating the presence of the shears-bands
mechanism [36].

V. SUMMARY

High-spin states in 139Ce have been populated using the
130Te( 14C,5n) reaction. The level scheme has been extended
to higher spins, including a new dipole band. The parity of
several states has been changed from negative to positive,
mainly based on the comparison with the level structure of
the core nucleus 140Ce. Extended shell-model calculations
have been used to investigate the structure of the observed
states. The good agreement of the shell-model calculations
with the experimental level scheme supports the spin-parity
assignment to low- and medium-spin states. The dipole band
configuration was investigated using the CNS and TAC mod-
els. The π1h2

11/2 ⊗ ν1h−1
11/2 configuration with a deformation

of (ε2 = 0.12,γ = 0◦) and rotation around a tilted axis with
θ ≈ 70◦, best reproduces the experimental aligned spins.
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